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the abfurdity of thofe opinions we have all heard re- 
peated thousands of times, of wool being converted into 
hair in the Weft Indies. 

From a comparifon of this with other facts I am per- 
fectly fatisfied that the varieties of this clafs of animals, 
poffefling very diflinct qualities infeparably connected 
with breed, are much greater, and infinitely more diver- 
fified than has hitherto been fufpected. The foftne/s of 
the Shetland wool is a peculiarity infeparable from it, 
infomuch that in the coarje/i kinds of {lockings made of 
this wool, which I have bought as low as four pence a 
pair, of a fufficient fize for the largeft man, I could un- 
dertake to diftinguiih them at the firft by the feel, for 
their fuperior foftnefs even above the fineft Spanifli wool. 



n°. xvnr. 

An eafy and accurate Method of adjufting the Glaffes of 
Hadleys Quadrant , on Land for the Back-Obfervation, by 
Robert Patterson,/)/ a Letter to Dr. David Rit- 
TENHOUSE, Prefident of the Society, 

April 1 8 th, 1794. 

Sir, 

Read April * I 'HERE are few if any inftruments of 
18. 1794- J_ modern invention, of more extenfive ufe 
in the meafuring of angles, than that invented by our 
countryman, Mr. Godfry, but which has unjuftly got 
the name of Hadley's quadrant. 

I have however often regretted, that for want of fome 
eafy and accurate method of adjufting the glaffes for the 
back-obfervation, practicable on land, and applicable to 
the comman oftant, this inftrument was ftill fo much 

limited 



ADJUSTING HADLEY's QUADRANT. 155 

limited in its ufe. For when an angle exceeding 90 
degrees is to be meafured, or when an altitude of the fun, 
&c. exceeding 45 degrees is to be taken, by means of a 
reflecting horizontal furface, and fuch cafes frequently 
occur, then we muft either have recourfe to the back- 
obfervation, or to fome other inftrument. 

In order to remedy, in fome meafure, this inconve- 
nience, the fextant, without any glaffes for the back-ob- 
fervation, has been introduced; but even this inftrument 
is incapable of meafuring an altitude, by means of a re- 
flecting horizontal furface, as above, when exceeding 60 
degrees ; and this will be the cafe with the meridian al- 
titude of the fun, in moft parts of the United States,, 
during four months in the year. 

Various methods of adjufting the glaffes for the back- 
obfervation, have indeed been propofed; but thefe are 
either very inaccurate and troublefome, or inapplicable 
to the common octant, and require fome appendage to 

the inftrument, with which hut very few have yet been 

made. 

The following method of making this adjuftment will 
not, I flatter myfelf, be found liable to any of the above 
objections. — It may be made on land, in a few minutes, 
at any time of the day when the fun fhines ; requires no 
additional apparatus, but what any perfon may readily 
make for himfelf ; and the adjuftment may be relied upon 
as equally accurate with that for the fore-obfervation. 

Defcription of the Necejfary Apparatus. 

Take a piece of plane glafs (a piece of looking-glafs 
will do very well) — take the poliih off one fide of it, and 
cement it, with the rough fide down, on the flat fide of 
the fegment of a wooden ball. The ball may be about 
three or four inches in diameter, and the piece of glafs of 
about the fame dimenfions. Or the glafs may be cement- 
ed 
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ed to a piece of board, and this board to a three or four 
pound fhot, or fmall hand-granade, when either of thefe 
may be conveniently had. 

Next take a piece of triangular board of about four 
inches on the fide, and through this cut a triangular 
mortice of about two inches on the fide. Near the cor- 
ners of this board let there be inferted three fmall nails 
or pieces of wire, to ferve as feet for it to ftand on. 

Method of making the Adjujlment, or finding the Quantity of the 

Index-Error. 

At any time when the fun fhines, fet your triangular 
board on a table, the rill of a window, or any other con- 
venient ftand expofed to the fun, and place the ball with 
the piece of glafs, on the triangular mortice; which, 
touching the ball only in three points, will confequently 
keep it fteady in any pofition. Turn the ball into fuch 
a pofition that the plane of the glafs may be, as nearly as 
you can judge, parallel to the equator; and then incline 
this plane, in the direction of the meridian paffing 
through the fun, till the fun be about 45 ° above it. 

Now take your octant, and by the fore-obfervation, 
bring one of the limbs of the fun's image, feen by a 
double reflection from the fpecula of the inftrument, 
exactly into contact with the image -of the fame limb* 
feen by a fingle reflection from the furface of the glafs 
plane, and read off the angle pointed out by the index. 
Immediately turn round your inftrument, and bring the 
fame limbs into contact by the back obfervation. If the 
angle now pointed out by the index be exactly the fup- 
plement (to 180 ) of the former angle, the horizon-glafs 
for the back-obfervation will be truly adjufted, or ex- 
actly at right-angles with the horizon-glafs for the fore- 
obfervation : But if thefe two be not equal, then take 
half their difference, which will be the correction or in- 
4 dex- 
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dcx-error for the back-obfervation ; fuppofing the fore« 
horizon-glafs to have been previoufly well adjufted. 
This correction will be additive to all angles meafured by 
the back-obfervation, when the angle pointed out by the 
index in the firft of the above obfervations is greater 
than the fupplement of the other, and vice verfa. 

For the fake of greater accuracy, you may repeat thefe 
obfervations till you have taken two, four, or fix fets ; 
obferving that if in your firft fet you begin with the 
fore-obfervation, as above directed, then in your fecond 
fet you muft begin with the back-obfervation, and fo on. 
A mean of the corrections thus obtained may be taken 
as the true correction of adjuftment. 

I fhall conclude this paper with the following mifcel- 
laneous remarks, relative to the fubjecl:. 

1. If the arch of excefs beyond 90 be but fmall, as in 
fome octants is the cafe, then it may be neceffary to place 
the index one or two degrees before the o, on the extra 
arch, and adjuft the fore -horizon-glafs to this pofition of 
the index. You will thus obtain a greater range for the 
index in adj ufting the back-horizon-glafs. 

2. When the reflecting glafs-plane is placed in the 
pofition above mentioned, viz. at right angles to the plane 
of the meridian paffing through the fun, then the fun's 
path in the heavens will, for feveral minutes, be very 
nearly parallel to the faid plane ; and therefore no fen- 
fible error is to be apprehended from the increafe or 
decreafe of the fun's altitude above this plane during 
the interval between the firft and fecond obfervations in 
the fame fet. But even if this fhould be the cafe, from 
the glafs plane being placed confiderably out of the above 
pofition, yet, by conducting the obfervations as above 
directed, the fmall errors ariung from this fource will na- 
turally correct one another. 

3. When the polifh is taken off one furface of a piece 
of glafs, then the image of the fun, being reflected only 

X from 
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from one furface, will appear fmgle and diftinct ; whereas 
the image reflected from both fuvfaces, will, moft fre- 
quently, appear double or indiftinct ; arifing from the 
want of parallelifm between the furfaces. 

4. The image of the fun feen by a fmgle reflection 
from one furface of the glafs plane, and that feen by a 
double reflection from the fpecula of the inftrument, 
will both appear nearly of the fame (hade or degree of 
brightnefs ; and this will feldom be fo intenfe as to re- 
quire any fcreen or coloured glafs to be interpofed between 
the eye and the image. 

5. In making observations with this inftrument, whe- 
ther for the purpofe ofadjuiting the glalfes, or for any 
other purpofe, where great accuracy is required, it is 
neceflary that the point on the index-fpeculum from 
which the ntft reflection is made, that on the horizon- 
glafs from which the fecond reflection is made, and the 
eye-hole through which the image is viewed, be all in a 
plane, parallel to the plane of the inftrument. This will 
be effected by wrapping a piece of tape, or the like, round 
the index fpeculum, leaving only a bare ftrip of about a 
quarter of an inch broad, parallel to the plane of the in- 
ftrument, and at the fame height above it as the eye-hole, 
and tranfparent part of the horizon-glafs. 

6. The eye-hole is generally made too fmall. In 
meafuring angles on land, as in the practice of furveying, 
(for which purpofe this inftrument is much preferable to 
any other in common ufe,) in taking altitudes at fea, in 
meafuring the angular diftance of the fun and moon, but 
efpecially of the moon and a ftar ; the eye has generally 
need of all the light that can be admitted from the object 
feen by direct vifion. — The eye-hole therefore, fhould, 
I think, be nearly as large as the ordinary fize of the 
pupil of the eye ; nor is any inaccuracy, in this cafe, to 
be apprehended from the line of vifion not being parallel 
to the plane of the inftrument ; the eye being capable of 

placing 
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placing itfelf with great exactnefs oppofitc the centre of 
the eye-hole. 

The fame objection and remedy are applicable to the 
flits in the fight-vanes, of the common furveying inft.ru- 
ments. 

7. Mr. Mafkyline, and others, recommend the fun 
itfelf as the beft object by which to adjuft the fore-hori- 
zon-glafs. — There is however confiderable difficulty at- 
tending this mode of adjuflment. — The fun is too bright 
to be viewed directly, without a piece of coloured glafs 
interpofed between it and the eye ; and even if the eye- 
piece be furnifhed with fuch an appendage (which in the 
common octant is feldom the cafe) ftill the two images 
will be of very different fhades ; and either the one feen 
by direct vifion will be too bright, or that feen by re- 
flection will be too faint for an accurate obfervation of 
their coincidence or contact. — This difficulty may how- 
ever be obviated in the following manner. 

Every oftant is furnifhed with at leaft two coloured 
glaffes, of different lhades — take the darkeft of thefe out 
of its frame, and with a thread faften it on behind the 
horizon-glafs, and turn down the other, between this 
and the index-fpeculum : The two images of the fun will 
thus be generally of the fame (hade, or nearly fo, and 
the adjuflment may then be made with the utmofi eafe 
and fafety to the eye. Or, which is perhaps better. — 
Place your eye behind the fore-horizon-glafs, and, look- 
ing through this towards the centre of the index fpe- 
culum, hold the inftrument in fuch a pofition as that 
the line of vifion may be directed to any point in the 
heavens, &cc. at the angular diftance of 90 degrees from 
the fun ; and then, the index being placed at o, two 
images of the fun will appear, both by a Angle reflection, 
one from the index-fpeculum, and the other from the 
back part of the fore-horizon-glafs; and by bringing 
thefe images into coincidence or contact, as when you 

X 2 look 
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look directly at the fun, the adjuftment may be made, 
or the index-error found, with great eafe and exactnefs. 
If the images of the fun fhould be too bright for the 
eye, one of the coloured glaffes belonging to the inftru- 
ment may be held before the eye. The two images of 
the fun, thus viewed, will appear nearly of the fame 
fhade, mice the one from the index-fpeculum, which 
would otherwife appear the brighter!:, will lofe part of 
its light by pairing through the horizon-glafs. 

After all, I am of opinion that this adjuftment may 
be made with equal accuracy, and much more eafe, by 
any well defined object on land, as the edge of a chim- 
ney, the roof of a houfe, or the like, at a fufficient dis- 
tance. 

Any one may fatisfy himfelf that this is the cafe, by 
repeatedly meafuring the error of adjuftment in the com- 
mon way, viz. by moving the index till he produces an ap- 
parent coincidence between the object feen diredly and 
by reflection. ^ If a chimney, or the like, be the object 
viewed, he will fcarce ever find any of thefe errors to 
differ from the mean error more than one minute ; and 
the difference of fuch errors, when the fun is ufed, will 
not be lefs, but generally greater. 

If the diftance between the index-fpeculum and the 
line of direct vifion (viz. a line joining the eye-hole and, 
horizon-glafs) fhould not exceed three inches, which it 
feldom does, then the parallax of the inftrument will not 
amount to a quarter of a minute, and may therefore be 
fafely neglected ; provided the object viewed be at the 
diftance of two thirds of a mile. If a fuitable object at 
fuch a diftance cannot be readily found, then you may 
take one at any given diftance, and compute the paral- 
lax to be allowed for that diftance, thus — Multiply the 
conftant number 95 (the nat. tang, of 1 to rad. T v) by 
the diftance, in inches, of the centre of the index-fpe- 
culum above the line of direct vifion, and dividing the 

product 
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product by the diftance of the object in yards, the quo- 
tient will be the parallax of the inftrument, or correc- 
tion of adjuftment, for that diftance in minutes. For 
example, if the height of the index- fpeculum above the 
line of viuon be three inches, and the diftance of the ob- 

je& i co yards: then 9i_ Jl = f.n w iU be the error of 

adjuftment. If therefore you place the index fo much 
behind the o, on the limb of the inftrument and then 
adjuft the horizon-glafs by an object at the above dif- 
tance, the adjuftment will be true for an object con- 
fidered as at an infinite diftance. 

From the above rule it is obvious that much exactnefs 
in meafuring or eftimating the diftance of the object you 
adjuft by is not neceflary, provided that diftance be not 
very fmall ; for, in the above example, an error in the 
diftance even of i o yards would have produced an error 
of no more than about A of a minute in computing the 
parallax of the inftrument. 

8. In meafuring angles by this inftrument, when the 
object feen by direct vifion is at no great diftance, the 
parallax of the inftrument muft be taken into confidera- 
tion. In fuch cafes it is commonly recommended, pre- 
vioufly to adjuft the horizon-glafs by that object ; but 
this, in the back-obfervation, would be attended with 
very great difficulty — it will therefore be beft always to 
keep the back-horizon-glafs at the fame adjuftment, and 
make the necefTary correction, as above directed, for 
the diftance of the object. 

I am, Sir, with much efteem 
Yours, &c. 

ROBERT PATTERSON. 
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